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(3) Programmable clock skew adjustment circuit. 

(57) An integrated circuit has an oscillator (18) for 
generating a plurality of phases of an oscillator 
clock signal (CLK1 , CLK2, CLK3, CLK4). Each 
phase of the oscillator clock clocks a respective 
one of a plurality of ring shift registers (30, 32, 
34, 36). The output (44) of each stage of the ring 
shift registers is a phase of a desired clock 
signal and is an input to a multiplexer (38, 46, 
48, 50, 52, 54, 56, 58) than can selectively 
provide one of the desired clock phases as the 
output of the multiplexer (42, 74, 76, 78, 80, 82, 
84, 86). In another embodiment of the invention 
the ring shift registers generate half of the 
phases of a desired clock signal at a multiple of 
the desired frequency. The multiplexer output 
clocks a divide by two circuit which is followed 
by another level of multiplexing to generate the 
other half of the phases and to divide down to 
the desired frequency. 
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Technical Field 

This invention relates generally to integrated cir- 
cuits for controlling clock skew and particularly to in- 
tegrated circuits with a programmable clock skew ad- 5 
justment circuit. 

Background of the Invention 

As the clock frequency increases at which inte- 10 
grated circuits, including micro processor- based sys- 
tems, operate, the clock period decreases such that 
there is less time available to accommodate board 
trace propagation delays in the clock signal. A high 
frequency clock signal is typically generated by a 15 
clock generation circuit using a low frequency crystal 
as an input reference clock signal. The clock genera- 
tion circuit includes a frequency synthesizer to pro- 
duce the high frequency clock signal output. The high 
frequency clock signal is routed through traces on a 20 
circuit board to devices such as a cache controller, 
processors, and random access memories. It is desir- 
able to have clock signals arrive at all devices at pre- 
cisely controlled times, which may or may not be si- 
multaneous. The devices receiving the clock signal 25 
are located at various distances from the clock gen- 
eration circuit resulting in traces of different length 
over which the clock signal must propagate. Differ- 
ences in clock signal arrival time at various devices 
due to propagation delays, called clock skew, can be 30 
reduced but typically not eliminated by board layout. 
Furthermore, it is desirable to lay out a board effi- 
ciently to package as many components as possible 
into a given area with concerns over clock signal 
propagation delays addressed in another manner. 35 

One solution to the clock propagation delay has 
been to provide a delay line clocked at a very high fre- 
quency. The output of the delay line is tapped at the 
number of delay elements through which it is desir- 
able to propagate to obtain an appropriate delay. Ad- 40 
ditional resolution can be obtained by dividing down 
the tapped output to the desired frequency. 

U.S. patent 5, 126,691 discloses a similar solution 
in which a delay line is clocked at a very high frequen- 
cy. The outputs of each stage in the delay are coupled 45 
to a multiplexer circuit that provides as an output the 
output, or the inverse of the output, of any of the delay 
stages. The output of the multiplexer is divided down 
to a desired frequency. 

Delay line counter systems suffer from the draw- so 
back that delay line counters are inherently nonsym- 
metrical in propagation delay because the delay at 
each stage in the delay line is dependent on all pre- 
vious stages. The higher a count, the greater the va- 
riation in delay relative to lower count delays. Further- 55 
more, the increment of adjustment is limited to be mul- 
tiples of the delay of each stage, as divided down by 
any counters. The delay is not dependent on the fre- 



quency but is the amount of time necessary for an in- 
put to propagate through the delay line. 

Summary of the Invention 

In accordance with an embodiment of the present in- 
vention, an integrated circuit has an oscillator for gen- 
erating a plurality of phases of an oscillator clock sig- 
nal. Each phase of the oscillator clock controls a re- 
spective one of a plurality of ring shift registers. The 
output of each stage of the ring shift registers is a 
phase of a desired clock signal and is an input to a 
multiplexer that can selectively provide one of the de- 
sired clock phases as the output of the multiplexer. In 
another embodiment of the invention the ring shift 
registers generate half of the phases of a desired 
clock signal at a multiple of the desired frequency. 
The multiplexer output clocks a divide by two circuit 
which is followed by another level of multiplexing to 
generate the other half of the phases and to divide 
down to the desired frequency. 

Brief Description of the Drawings 

FIG. 1 is a schematic diagram illustrating a fre- 
quency synthesizer phase-locked loop dock gen- 
erating circuit; 

FIG. 2 is a schematic diagram illustrating a pro- 
grammable clock skew adjustment circuit; 
FIG. 3 is a graphical diagram illustrating phases 
of an oscillator clock signal equally spaced over 
the oscillator clock period; 
FIG. 4 is a graphical diagram showing the desired 
clock signal phases generated by the circuit of 
FIG. 2; 

FIG. 5 is a schematic diagram illustrating an alter- 
nate embodiment of a programmable clock skew 
adjustment circuit; and 

FIG. 6 is a schematic diagram illustrating a clock 
skew adjustment circuit on a circuit board. 

Detailed Description 

Referring to FIG. 1 , a schematic diagram illustrat- 
ing a frequency synthesizer phase-locked loop clock 
generation circuit 10 is shown. Clock generation cir- 
cuit 10 receives a reference clock signal CLKIN of fre- 
quency FIN as an input and generates an oscillator 
clock signal CLKOUT at a frequency FOUT as an out- 
put. The frequency of oscillator clock signal CLKOUT 
is higher than FIN and is programmable by setting 
parameters M and N. The reference clock signal 
CLKIN is coupled to the input of divide by N counter 
12. The output of divide by N counter 12 is coupled to 
phase detector 14 as a first input. The output of phase 
detector 14 is coupled to the input of oscillator control 
16. The output of oscillator control 16 is coupled to the 
input of oscillator 18. The output of oscillator 1 8 is the 
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oscillator clock signal. The frequency of the oscillator 
clock signal is a multiple, H, of the frequency of a de- 
sired or programmed clock signal selected by a user. 
The oscillator output is coupled to the clock input of 
divide by H counter 20. The output of divide by H s 
counter 20 provides an output at the same frequency 
as the desired or programmed clock signal. The out- 
put of the divide by H counter is coupled to the clock 
input of divide by M counter 22. The output of divide 
by M counter 22 is coupled as the second input to 10 
phase detector 14. The frequency of CLKOUT is 
(HxM)/N multiplied times the frequency of CLKIN, 
where M and N are user defined variables and H is the 
multiple of the oscillator clock signal frequency to the 
frequency of a desired or programmed clock signal, 15 
selected by the user. The desired clock signal is gen- 
erated to clock devices on a circuit board on which the 
integrated circuit containing the clock skew adjust- 
ment circuit is mounted. 

FIG. 2 is a schematic diagram illustrating a pro- 20 
grammable clock skew adjustment circuit 24. Oscilla- 
tor 18 is illustrated in greater detail as a multiple stage 
oscillator in which the stages 26a-d are substantially 
identical. The oscillator frequency may be voltage or 
current controlled as is known in the art. Outputs are 25 
tapped off of selected ones of the stages 26a-d of os- 
cillator 18 to provide a plurality of phases of the os- 
cillator clock signal. The number of oscillator clock 
phases generated is dependent on the configuration 
of the oscillator as well as the number and increment 30 
size of desired or programmed clock phases to be 
generated. A four-stage oscillator is illustrated in 
which each stage is tapped to provide quadrature os- 
cillator clock phases CLK1, CLK2, CLK3 and CLK4. 
The oscillator clock phases are illustrated in FIG. 3. 35 

Each oscillator stage 26a-d output provides a re- 
spective quadrature oscillator clock phase as a clock 
signal to each of a plurality of ring counters or ring 
shift registers 30, 32, 34 and 36. The output of stage 
26d, CLK1, is the clock signal for multiple stage ring 40 
shift register 30. The output of stage 26a, CLK2, is t he 
clock signal for multiple stage ring shift register 32. 
Similarly, the output of stages 26b and 26c, respec- 
tively CLK3 and CLK4, are the clock signals for mul- 
tiple stage ring shift registers 34 and 36, respectively. 45 

Each stage of the multiple stage ring shift register 
30, 32, 34 and 36 is preset upon powering up and is 
designated by a number. Each stage is clocked by the 
respective oscillator clock phase signal for the multi- 
ple stage ring shift register. The sequence of clocking so 
the ring shift registers is determined by the counter 
preset. Each stage receives as an input the output of 
the preceding stage and provides an output coupled 
to both the input of multiplexer 38 and the input of the 
next succeeding stage of the multiple stage ring shift 55 
register. Ring shift registers 30, 32, 34 and 36 are il- 
lustrated as having eight stages. Flip flop 0 receives 
as inputs the oscillator clock phase signal, CLK1, of 
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ring shift register 30 and the output of flip flop 28. The 
output of flip flop 0 is coupled both to the next stage 
of the ring shift register, flip flop 4, and to multiplexer 
38. Each stage of the ring shift register may be sub- 
stantially identical. Many types of devices can provide 
the desired function of each stage of the ring shift reg- 
ister. In a preferred embodiment, differential flip flops 
are used. 

Ring shift register 32 is identical to ring shift reg- 
ister 30 with each stage clocked by oscillator clock 
phase CLK2. Ring shift registers 34 and 36 are also 
identical to ring shift register 30 and are clocked re- 
spectively by oscillator clock phases CLK3 and CLK4. 
The output of each stage of ring shift registers 30, 32, 
34 and 36 are coupled as inputs to multiplexer 38. In 
the illustrative embodiment there are 32 outputs that 
are coupled as inputs to multiplexer 38. Multiplexer 38 
is controlled by a plurality of control signals 40 to se- 
lect one of the inputs as the output 42. In the illustra- 
tive embodiment, there are a total of 32 stages in the 
ring shift registers. Concomitantly multiplexer 38 is a 
32:1 multiplexer with five select input bits to select the 
output. The output of each stage of ring shift registers 
30, 32, 34 and 36 collectively form bus 44 which may 
be coupled to other multiplexers as inputs. Seven ad- 
ditional 32:1 multiplexers 46, 48, 50, 52, 54, 56 and 
58 are illustrated, each respectively with five select 
input bits of control 60, 62, 64, 66, 68, 70 and 72 to 
independently select one of the outputs from a stage 
of a ring shift register available on bus 44 as the re- 
spective output 74, 76, 78, 80, 82, 84 and 86. 

An alternative embodiment programmable clock 
skew adjustment circuit 24' is shown schematically in 
FIG. 5. Circuit 24' is preferred over circuit 24 as circuit 
24' has less complex circuitry. Oscillator 18 may be 
substantially as described above, or as shown for 
generating oscillator clock phase signals CLK1, 
CLK2, CLK3 and CLK4 which are respectively the os- 
cillator clock phase signals that clock ring shift regis- 
ters 30\ 32', 34' and 36'. The ring shift registers 30', 
32 1 , 34' and 36* in the illustrative embodiment of cir- 
cuit 24' have one-half as many stages as the corre- 
sponding ring shift registers 30, 32, 34 and 36 in cir- 
cuit 24. Each stage in a ring shift register receives as 
inputs the respective oscillator clock phase signal and 
the output of the previous stage of the ring shift reg- 
ister, and provides an output coupled as an input to 
both the next stage and multiplexer 38'. 

Multiplexer 38' is a 16:1 multiplexer that is con- 
trolled by four select input bits 40' to select one of the 
sixteen inputs as output 90. Output 90 provides the 
clock input to a divide by two counter such as flip flop 
92. The output 94 of flip flop 92, and its inverse 96, 
are coupled as inputs to multiplexer 98. Multiplexer 98 
is a 2:1 multiplexer controlled by select input bit 100 
to select one of the inputs 94 or 96 as output 42\ 

The outputs of each stage of ring shift registers 
30', 32', 34* and 36' total sixteen number in the illu- 
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strated alternative embodiment and collectively form 
bus 44' which may be coupled as inputs to other mul- 
tiplexers. Seven additional 16:1 multiplexers 46\ 48', 
50\ 52\ 54', 56' and 58' are shown, each respectively 
with four select input bits of control 60', 62\ 64\ 66', 
68\ 70* and 72' to independently select the respec- 
tive output 74\ 76', 78\ 80', 82\ 84' and 86' from the 
sixteen inputs available on bus 44. 

The output of each multiplexer, respectively 46', 
48\ 50*, 52', 54', 56' and 58\ is coupled to the clock 
input of a respective flip flop 102, 104, 106, 108, 110, 
112 and 114. The flip flop output and inverse are re- 
spectively coupled as inputs to multiplexers 116, 118, 
120, 122, 124, 126 and 128. Each of these multiplex- 
ers is a 2:1 multiplexer that is controlled by a respec- 
tive select input bit 130, 132, 134, 136, 138, 140 and 
142 to select one of the inputs as the respective out- 
put 74', 76', 78', 80', 82', 84' and 86'. 

Each output of each of the stages of the ring shift 
registers generates a timing signal that is a phase of 
the desired or programmed clock signal. The output 
of each of the thirty two stages of the ring shift reg- 
isters of circuit 24 are shown as the timing diagrams 
or desired clock signal phase diagrams in FIG. 4. As 
will be explained below, the same timing diagrams are 
also available from circuit 24' illustrated in FIG. 5. 

In operation, parameters M and N are user de- 
fined based on a FIN and the desired or programmed 
clock signal frequency, as is known in the art. Clock 
generating circuit 10 shown in FIG. 1 generates an os- 
cillator clock signal output CLKOUT at frequency 
FOUT that is a multiple , H, of the desired or program- 
med clock signal frequency. Divide by H counter 20 
generates an output signal, having the same frequen- 
cy as the desired clock signal, for use by clock gen- 
erating circuit 20, by dividing down the oscillator clock 
signal frequency by the multiple. 

For example, if the multiple, H, of the oscillator 
clock signal frequency to desired clock signal fre- 
quency is selected as eight, the frequency of the ref- 
erence clock signal CLKIN is 20 MHz, and the desired 
clock signal frequency is 100 MHz, then the M/N ratio 
is five, and the resulting oscillator clock signal fre- 
quency is 800 MHz. 

Oscillator 18, in the illustrative embodiment, gen- 
erates a plurality of timing signals that are various 
phases of the oscillator clock signal. Oscillator 18 
generates the oscillator clock signal as a first quad- 
rature oscillator clock phase CLK1; a 90° phase shift- 
ed second quadrature oscillator clock phase CLK2; a 
180° phase shifted third quadrature oscillator clock 
phase CLK3; and a 270° phase shifted fourth quad- 
rature oscillator clock phase CLK4. These four oscil- 
lator clock phase signals have the same frequency as 
the oscillator clock signal but are phase shifted as can 
be seen in FIG. 3. 

CLK1 provides the reference signal with the ris- 
ing leading edge defined as 0° phase shift. The rising 



leading edge of CLK2 is 90° delayed from CLKI. Sim- 
ilarly, the rising leading edge of CLK3 and CLK4 are 
respectively 180° and 270° delayed relative to CLK1. 
In this manner, four quadrature oscillator clock phase 
5 signals are generated. Oscillator 18 is shown as a dif- 
ferential, multiple stage oscillator in which each stage 
has two inputs and two outputs, a signal and its in- 
verse. Using a differential stage oscillator has the ad- 
vantage of better noise immunity. Since one of the 
10 signals is high and the other is low they tend to drift 
uniformly with the power supply. When four outputs 
are tapped at equal stage intervals from oscillator 18 
having a number of stages that is an integral multiple 
of four (4, 8, 12, 16 etc.) the outputs will exhibit quad- 
is rature. The invention, however, is not limited to oper- 
ating with oscillator clock phase signals exhibiting 
quadrature. 

On power up, each of the ring shift register stages 
is preset. Advantage is taken of prior knowledge of the 

20 desired clock signal being generated. In a preferred 
embodiment, the stages of each ring shift register are 
initialized to have one zero-to-one transition, such as 
10000000, 11000000, or 11111110. For example, flip 
flops zero through 15 of the embodiment illustrated in 

25 FIG. 2 are set to one while the remaining flip flops are 
set to zero. This results in the stages of each of the 
ring shift registers 30, 32, 34 and 36 set to: 11110000. 
In addition, the various multiplexer select input bits 
are set to select one of the inputs as the output. The 

30 quadrature oscillator clock phase signals CLK1, 
CLK2, CLK3 and CLK4 clock respective ones of the 
stages of ring shift registers 30, 32, 34 and 36. Each 
time oscillator clock phase signal CLK1 clocks the 
stages of ring shift register 30, the bits ring shift 

35 around ring shift register 30 such that the stage out- 
puts as initially set and after seven sequential clock 
cycles are: 11110000; 01111000; 00111100; 
00011110; 00001111; 10000111; 11000011; and 
11100001. On the next subsequent clock input to ring 

40 shift register 30 the stage outputs will repeat the initial 
states. 

In the illustrated embodiment, the stages of ring 
shift register 32 produce the same binary outputs as 
ring shift register 30 upon being clocked. Due to CLK2 

45 being 90° phase delayed from CLK1, each stage of 
ring shift register 32 provides the same output as the 
corresponding stage of ring shift register 30 one- 
fourth of an oscillator 18 clock cycle later. 

Similarly, the stages of ring shift register 34 pro- 

50 duce the same binary outputs as ring shift register 30 
and 32 upon being clocked. Due to CLK3 being 90° 
phase delayed from CLK2 and 180° phase delayed 
from CLK1, the outputs of the corresponding stages 
of ring shift register 34 are one-fourth of an oscillator 

55 18 clock cycle later than the outputs of ring shift reg- 
ister 32 and one-half of an oscillator 1 8 clock cycle lat- 
er than the outputs of ring shift register 30. 

Finally, the stages of ring shift register 36 pro- 
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duce the same binary outputs as the corresponding 
stages of ring shift registers 30, 32 and 34 upon being 
clocked. Due to CLK4 being 90° phase delayed from 
CLK3, 180° phase delayed from CLK2, and 270° 
phase delayed from CLK1 , the outputs of correspond- 
ing stages of ring shift register 36 are one-fourth of an 
oscillator 18 clock cycle later than the outputs of ring 
shift register 34, one-half of an oscillator 18 clock cy- 
cle later than the outputs of ring shift register 32, and 
three-quarters of an oscillator clock cycle later than 
the outputs of ring shift register 30. Since four quad- 
rature phases of the oscillator dock signal are em- 
ployed to clock the ring shift registers, and since each 
ring shift register has eight stages, an effective fre- 
quency is generated that is thirty two times the de- 
sired clock signal frequency. 

Each ring shift register 30, 32, 34 and 36 is a div- 
ide by eight ring counter that results in the output of 
each stage of each ring shift register, and therefore 
output 42, being at the frequency of the desired clock 
signal. The output of each of the stages of the ring 
shift registers generates a timing signal that is a 
phase of the desired or programmed clock signal. The 
output of each of the stages of the ring shift registers 
is coupled to 32:1 multiplexer 38 as an input In this 
manner, any of the phases of the desired clock signal, 
which are outputs of the stages of ring shift registers 
30, 32, 34 or 36, are available as output 42 of multi- 
plexer 38 as determined by input select bits 40. Input 
select bits 40 are five binary digits that control which 
input to multiplexer 38 is selected as the output Since 
each ring counter is a divide by eight counter, the out- 
put of any stage of a shift register may provide the div- 
ide by eight function 20 shown schematically in FIG. 
1 . A separate divide by eight counter would be redun- 
dant but may be provided. 

Using four eight-stage ring shift registers, thirty 
two different phases of the desired clock signal are 
generated. The thirty two different phases of the de- 
sired signal are equally time spaced over the desired 
clock signal cycle, as can be seen in FIG. 4. Gener- 
ally, with K equally spaced oscillator clock signal 
phases (resulting in K ring shift registers, one clocked 
by each of the K oscillator clock signal phases-four in 
the illustrated embodiment), the multiple of the oscil- 
lator clock signal frequency to the desired clock signal 
frequency being H (eight in the illustrated embodi- 
ment), with effectively L stages in each ring shift reg- 
ister to divide down the oscillator clock signal, the 
number of phases of the desired clock signal frequen- 
cy that can be generated are KxL. The phases of the 
desired dock signal frequency are spaced at intervals 
of 1/(KxL) of the desired dock signal period. 

In the illustrated embodiment, there are thirty 
two possible desired clock signal phases. Each of the 
thirty two phases of the desired dock signal is the 
output of a respective stage of one of the ring shift 
registers and is shown in FIG. 4. Each of the thirty two 



phases is designated by a number representing the 
corresponding flip flop in FIG 2. The desired clock 
signal phase defined as the reference phase having 
no phase shift is designated 0. The other timing sig- 

5 nals are evenly spaced across one clock cycle of the 
reference phase.Since H is also equal to eight in the 
illustrative embodiment, an output from a stage of a 
ring shift register may be used in circuit 10. 

Collectively the outputs of the ring shift registers 

10 30, 32, 34 and 36, which are the outputs of the re- 
spective stages of the ring shift register, are designat- 
ed bus 44. Bus 44 is illustrated as being coupled to the 
inputs of additional multiplexers 46, 48, 50, 52, 54, 56 
and 58, each of which operates in the same manner 

is as multiplexer 38 and is independently controlled. 
While seven additional multiplexers are illustrated, 
making up to seven additional phases of the desired 
clock signal available as outputs, the invention is not 
limited thereto. Any number of multiplexers may be 

20 provided. 

The clock skew adjustment circuit 24' illustrated 
in FIG. 5 operates in a similar manner. Circuit 24* ta- 
kes advantage of the symmetry of the desired clock 
signal being generated and generates the desired 

25 clock signal using two levels of count down circuits 
and two levels of multiplexing. The ring shift registers 
have only four (L/2) stages. Each ring shift register is 
initialized to 1100, followed by a 16:1 multiplexer 38'. 
Multiplexer 38' provides a first level of multiplexing. 

30 The output of multiplexer 38' is coupled to the clock 
input of a divide by two circuit Both the output signal 
and the inverse of the output signal from the divide by 
two circuit are coupled as inputs to 2:1 multiplexer 98 
which provides a second level of multiplexing. Select 

35 inputs 40' are four bits that control which one of the 
sixteen outputs from the stages of the ring shift reg- 
isters is selected as the output of multiplexer 38. Each 
time the zero-to-one transition shifts around a ring 
shift register 30', 32', 34' or 36', output 94 and the in- 

40 verse 96 switch state. Each cycle of 1100 around ring 
shift registers 30', 32', 34' and 36' generates one-half 
of the desired clock signal wave form, with two con- 
tiguous cydes of 1100 circulating around the ring shift 
register generating the complete desired clock signal. 

45 Select input bit 100 controls which output signal, 94 
or 96, is presented at the output 42' of multiplexer 98. 
In this manner, the effective divide by eight is accom- 
plished by a divide by four followed by a divide by two. 
The complexity of the programmable clock skew ad- 

so justment circuit is substantially reduced. The same 
thirty two phases of the desired clock signal are gen- 
erated by circuit 24' as are generated by circuit 24. 

The outputs of each stage of ring shift register 
30', 32', 34' and 36' form bus 44' which is coupled as 

55 inputs to other first level multiplexers 46', 48', 50', 52', 
54*. 56' and 58'. The outputs of the first level multi- 
plexers drive the clock input of a divide by two flip 
flop. The output of the flip flop, and its inverse, are 
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coupled to a second level, two to one multiplexer, re- 
spectively 116, 118, 120, 122, 124, 126 and 128. The 
output of the second level multiplexer is controlled by 
a select input bit to independently select one of the in- 
puts as the output of the multiplexer. Additional divid- 5 
er stages could be added to provide a signal at frac- 
tional values of the desired clock signal frequency. 
For example, an additional divide by two stage would 
produce a signal at half the frequency of the desired 
clock signal. 10 

Any one of the phases of the desired clock sig- 
nals may be selected as the "clock" to drive devices 
on a circuit board. All of the other phases of the de- 
sired clock signal have a known, predetermined, con- 
stant timing relationship to the "clock" that may be ex- 15 
ploited, such as to overcome propagation delays. This 
is accomplished by selecting a particular one of the 
phases of the desired clock signal to clock a device 
such that the lead time between the chosen phase 
and the "clock" offsets the propagation delay. In this 20 
manner, the clocking function can be customized for 
each device on a circuit board and for each applica- 
tion. Furthermore, advantage can be taken of the 
known relationship among the phases of the desired 
clock signal by selecting a phase to clock a relatively 25 
slow device, such as a memory, in advance of the 
"clock" to provide the memory with additional time pri- 
or to occurrence of the clock to set up the data on a 
data bus for readout 

As shown in FIG. 6, clock skew adjustment circuit 30 
10 is schematically shown mounted to a circuit board 
140. By way of example, with the desired clock signal 
phase designated 16 determined to align with the ref- 
erence clock signal, phase 16 may be provided to 
processor 142 on trace 144. A desired clock signal 35 
phase selected to overcome propagation delays and 
to take advantage of the known timing relationship to 
phase 16 to compensate for the speed of a device can 
be used to clock other devices, such as desired clock 
signal phase 9 on trace 1 46 to memory controller 148, 40 
desired clock signal phase 1 on trace 150 to a first 
random access memory 152 and desired clock signal 
phase 30 on trace 154 to a second random access 
memory 156. 

Those skilled in the art can easily implement the 45 
clock skew adjustment circuit in silicon. While the in- 
vention has been described as being implemented by 
an integrated circuit, it is recognized that other em- 
bodiments of the invention could be software imple- 
mented. 50 



Claims 



An integrated circuit, comprising: 

an oscillator (18) for generating a plurality 
of phases of an oscillator clock signal (CLK1, 
CLK2, CLK3, CLK4); 
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a plurality of multiple stage ring shift reg- 
isters (30, 32, 34, 36; or 30', 32*, 34*, 36'), each 
of said ring shift registers (30, 32, 34, 36; or 30', 
32\ 34', 36') clocked by one of the phases of the 
oscillator clock signal (CLK1, CLK2, CLK3, 
CLK4), each stage of each of said plurality of mul- 
tiple stage ring shift registers (30, 32, 34, 36; or 
30', 32', 34', 36') providing an output signal; and 

a multiplexer (38, 46, 48, 50, 52, 54, 56 or 
58; or, 38', 46', 48', 50\ 52', 54', 56', or 58*) having 
a plurality of inputs adapted to receive said output 
signals (44), said multiplexer being responsive to 
a plurality of control signals (40, 60, 62, 64, 66, 
68, 70, 72; or 40', 60', 62', 64', 66', 68', 70', or 72') 
for selectively providing one of said plurality of 
output signals (44) at an output (42, 74, 76, 78, 
80, 82, 84 or 86) of said multiplexer (38). 

2. An integrated circuit as recited in claim 1, wherein 
the oscillator (18 or 18') comprises a number of 
stages (26a, 26b, 26c, 26d; or 26a', 26b') that is 
a power of two. 

3. An integrated circuit as recited in claim 1 , wherein 
the phases of the oscillator clock signal (CLK1, 
CLK2, CLK3, CLK4) exhibit quadrature. 

4. A method for generating phases of a desired 
clock signal, comprising the steps of: 

generating a plurality of timing signals 
(CLK1, CLK2, CLK3, CLK4) that are various 
phases of an oscillator clock signal; 

clocking each stage of a plurality of multi- 
ple stage ring shift registers (30, 32, 34, 36) by re- 
spective ones of the timing signals (CLK1, CLK2, 
CLK3, CLK4); and 

selecting an output from one of the shift 
register stages (44) as an output signal (42, 90). 

5. A method for generating phases of a desired 
clock signal as recited in claim 4, further compris- 
ing the step of: 

dividing down the output signal (90) to 
generate a divided output signal (94). 

6. A method for generating phases of a desired 
clock signal as recited in claim 5, further compris- 
ing the steps of: 

inverting the divided output signal (94) to 
provide an inverted divided output signal (96); 
and 

selecting between the divided output (94) 
signal and the inverted divided output signal (96) 
as a final output signal (42'). 

7. A method for generating phases of a desired 
clock signal as recited in claim 4, further compris- 
ing the step of: 
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selecting another output from one of the 
shift register stages (44) as a second output sig- 
nal (74). 

8. A clock skew adjustment circuit, comprising: 

an oscillator clock phase generating circuit 
(18 or18') for generating a plurality of timing sig- 
nals (CLK1, CLK2, CLK3, CLK4) that are various 
phases of an oscillator clock signal; 

a plurality of multiple stage ring shift reg- 
isters (30, 32, 34, 36 or 30\ 32\ 34*, 36'), each of 
said ring shift registers clocked by one of said tim- 
ing signals, at least one stage of each of said plur- 
ality of multiple stage ring shift registers providing 
an output signal; and 

a multiplexer (38 or 38') having a plurality 
of inputs adapted to receive said output signals 
(44), said multiplexer (38 or 38') being responsive 
to a control signal (40 or 40*) for selectively pro- 
viding one of said input signals as the output (42 
or 90) of said multiplexer. 

9. A clock skew adjustment circuit as recited in claim 
8, wherein the timing signals are quadrature 
phases of the oscillator clock signal. 

10. A clock skew adjustment circuit as recited in claim 
8, wherein the oscillator clock phase generating 
circuit comprises a frequency synthesized phase 
locked loop (10). 



thereof (96), said second multiplexer (98) being 
responsive to a control signal (1 00) for selectively 
providing one of said input signals as the output 
(42') thereof. 

5 

14. A clock skew adjustment circuit as recited in claim 
8, further comprising: 

second multiplexer (46\ 48\ 50', 52', 
54' 56* or 58') having a plurality of inputs adapted 

10 to receive at least a portion of said output signals 

(44), said second multiplexer (46' 48', 50\ 52\ 
54', 56* or 58') being responsive to a control sig- 
nal (60', 62', 64', 66', 68', 70\ 72') for selectively 
providing one of said plurality of input signals as 

15 the output thereof; 

a divide by two circuit (1 02, 1 04, 1 06, 1 08, 
110, 112, 114) adapted to receive one of said mul- 
tiplexer outputs, the divide by two circuit provid- 
ing as output signals both a divided down signal 

20 and the inverse thereof; and 

a third multiplexer (98, 116,118, 120. 122, 
124, 126 or 128), the third multiplexer adapted to 
receive as input signals the divided down signal 
and the inverse thereof output from the divide by 

25 two circuit, said third multiplexer being respon- 

sive to a control signal (100, 130, 132, 134, 136, 
138, 140, 142) for selectively providing one of 
said input signals as the output thereof. 
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11. A clock skew adjustment circuit as recited in claim 
8, wherein the oscillator clock phase generating 
circuit comprises an oscillator (18 or 18') having 

a plurality of stages (26a, 26b, 26c, 26d, or 26a', 35 
26b'). 

12. A clock skew adjustment circuit as recited in claim 
8, further comprising: 

a second multiplexer (46, 48, 50, 52, 54, 56 40 
or 86: or 46', 48', 50', 52', 54', 56*, or 86') having 
a plurality of inputs adapted to receive at least a 
portion of said output signals (44), said second 
multiplexer responsive to a control signal (60, 62, 
64, 66, 68, 70 or 72; 60', 62', 64\ 66* 68' 70' or 45 
72*) for selectively providing one of said plurality 
of input signals as the output thereof. 

13. A clock skew adjustment circuit as received in 
claim 8, further comprising: so 

a divide by two circuit (92) adapted to re- 
ceive the multiplexer output (90), the divide by 
two circuit (90) providing as output signals both 
a divided down signal (94) and the inverse there- 
of (96); and 55 

a second multiplexer (98), the second mul- 
tiplexer (98) adapted to receive as input signals 
the divided down signal (94) and the inverse 
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